Objective-To study the eVectiveness of luteinising hormone releasing hormone (LHRH) analogues in improving final height in girls aVected by early puberty. Patients-Forty six consecutive girls with onset of puberty aged 7.5-8.5 years randomly divided into two groups: one treated with 3.75 mg triptorelin intramuscularly every four weeks (group 1); and the other with no treatment (group 2). Results-Mean (SD) chronological age at onset of menarche was significantly higher in group 1 than in group 2 (11.9 (1.0) v 10.8 (0.7) years). However, mean (SD) height at menarche (152.7 (7.2) v 152.5 (5.7) cm) and mean (SD) growth after menarche (4.9 (3.0) v 5.4 (2.2) cm) were similar in both groups. The mean (SD) final height was similar in the two groups (group 1, 158.1 (6.2) cm; group 2, 158.6 (6.0) cm) and not significantly different from target height. Fourteen of 20 patients in group 1 and 12 of 18 patients in group 2 showed final height equal to or higher than target height. Final heights of girls with poor initial height prognosis were significantly lower than those of girls with good prognosis, but in patients with the same initial height prognosis, both groups showed final heights similar and not significantly diVerent from their target heights. Conclusions-LHRH analogue has no apparent eVect on final height in subjects with onset of puberty between 7.5 and 8.5 years. (Arch Dis Child 1999;81:329-332) 
Since their synthesis in 1980, the superactive luteinising hormone releasing hormone (LHRH) analogues have been widely used as therapeutic agents, quickly becoming the treatment of choice in central precocious puberty. 1 The progestational agents used in the past were not very eVective in improving final height, 2 3 whereas the results of preliminary studies with LHRH analogues showed a significant improvement in height predictions during treatment. [4] [5] [6] These first favourable results might have aroused too much enthusiasm in physicians, leading to a potential risk of "overprescription". 7 In more recent years, long term studies have produced diVering results, with considerable variability in final heights for both treated and untreated patients. [8] [9] [10] [11] [12] [13] It has been suggested that LHRH analogue treatment is not equally eYcacious in all cases and that the final adult height potential could be attained without treatment in those individuals with central precocious puberty who have a good initial height prognosis. [13] [14] [15] [16] [17] [18] One of the most frequent variants in the spectrum of central precocious puberty is so called early puberty, with a pubertal onset only mildly in advance of normal. 19 The management of early puberty is a common problem for paediatricians. However, to our knowledge no specific data are available on the eVectiveness of LHRH analogues in improving final height in these children.
Therefore, we examined 46 girls referred to us because of early puberty and divided them randomly into two groups, one treated with triptorelin and the other followed without treatment.
Methods

PATIENTS
Forty six girls referred for early puberty were examined. The inclusion criteria for the study were breast development between 7.5 and 8.5 years (mean (SD) chronological age, 7.7 (0.5) years), bone age advancement, and height velocity (evaluated three to six months before) > 1.5 SD score, in the absence of associated defects that could aVect final height, such as growth hormone deficiency or congenital adrenal hyperplasia. Girls with learning disability and pathology such as shunted hydrocephalus or cerebral palsy were also excluded. Magnetic resonance imaging of the pituitary gland and pelvic ultrasound were performed to exclude organic pathologies. Our study was approved by the ethics committee of the hospital and written informed parental consent was obtained before the start of our study. The 46 consecutive patients were assigned randomly to group 1 or group 2 alternately. Patients in group 1 (n = 23) were treated with triptorelin (D-Trp6-LHRH) depot (3.75 mg every four weeks by intramuscular injection ); patients in group 2 (n = 23) had the same follow up, but without treatment. Two patients from group 2 were lost to follow up after the first examination and were excluded from our study.
In group 1, treatment with triptorelin was carried out for a mean of 25 months (range, 12-40) and was discontinued at a mean (SD) chronological age of 10.6 (0.8) years (range, 9.3-12.4) and bone age of 12.4 (0.9) years (range, 9.8-13.5). The time of discontinuation was individualised, based on bone age and growth rate during the last course of treatment and on the wishes of the girl and her family. After treatment was discontinued, the patients were followed up for a mean of 33 months (range, 16-69), with 20 patients reaching adult height. The patients from group 2 were followed up for a mean of 41 months (range, 31-81), with 18 patients reaching adult height. All the girls were evaluated at six month intervals during the first year, then every year; the girls from group 1 were evaluated again when treatment was discontinued.
GROWTH EVALUATION
At each examination the following were evaluated: height (mean of three measurements) with a Harpenden stadiometer, 20 pubertal staging according to Tanner, 21 bone age (single observer) with the atlas of Greulich and Pyle, 22 and predicted height calculated by the method of Bayley and Pinneau, which has been found to be the most accurate method for patients with precocious puberty. 23 Target height was defined as the corrected midparental height for each patient and was calculated according to Tanner et al. 24 Final adult height was defined as growth of < 0.3 cm in a period greater than six months associated with complete or near complete epiphyseal fusion. 10 Good or poor initial height prognosis was determined in all the patients according to the following criteria: (1) bone age advance over chronological age less or more than 18 months; (2) height age/bone age more or less than 0.9.
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All girls from group 1 complied well, as assessed at each examination by history, growth rate, progression of pubertal signs, and the plasma gonadotrophin response to gonadorelin. Drug safety monitoring included routine measurement of hepatic, renal, and haematological functions, thyroid hormone, and prolactin concentrations.
STATISTICAL ANALYSIS
All results were expressed as mean (SD), unless indicated otherwise. We used a parametric statistical analysis; the variables not normally distributed were evaluated after logarithmic transformation. The results were analysed with variance analysis for repeated measurements, paired t test, and Student's t test. Multiple linear regression and the r correlation coeYcient were also calculated. A power calculation to determine how many patients were needed to show a significant diVerence was done by the power pattern for a significance of 0.05 for the t test and for the main parameters that we considered. The values obtained were ∼ 20 subjects for each group for a power of the test always higher than 80%. Table 1 reports the measurements taken at the first examination in the two groups of patients: chronological age, bone age, height, and target height were similar in the two groups. During 24 months of follow up, the height SD score for bone age, predicted height, bone age/ chronological age ratio, and bone age SD score did not change significantly in the two groups. Significant breast development was seen only in group 1, whereas height velocity decreased in both groups, although more significantly in group 1 (table 2) . Chronological age at onset of menarche was significantly higher in group 1 than in group 2 (11.9 (1.0) v 10.8 (0.7) years; p < 0.005); height at menarche (152.7 (7.2) v 152.5 (5.7) cm), and growth after menarche (4.9 (3.0) v 5.4 (2.2) cm) were similar in both groups. The mean final height was similar in the two groups and not significantly diVerent from target height (table 3) . Fourteen of 20 patients in group 1 and 12 of 18 cases in group 2 had a final height equal to or higher than target height. In both groups there was a significant positive correlation between adult final height and height at first examination and target height (p < 0.005). Table 4 shows final heights of patients of both groups subdivided according to height prognosis at onset. Final heights of girls with poor initial height prognosis were significantly Values are mean (SD). *p < 0.001 compared with breast after 24 months; **p < 0.01 compared with height velocity after 24 months; ***p < 0.05 compared with height velocity after 24 months. lower than those of girls with good prognosis (p < 0.005; table 4); however, in patients with the same initial height prognosis, both groups showed similar final heights, not significantly diVerent from their target heights. The percentages of patients with a final height equal to or higher than target height were not significantly diVerent in the various groups. For patients with poor initial height prognosis, final height was higher than target height in only two of the 10 patients in group 2 and five of the 12 patients in group 1. However, this diVerence was not significant (table 4) .
Results
Discussion
Some investigators have suggested that age at pubertal onset might be one of the factors aVecting final adult height in central precocious puberty, sometimes independently from treatment. 3 12 25-27 Sigurjonsdottir and colleagues 25 and Murram et al, 26 in studies on spontaneous growth in untreated girls with central precocious puberty, reported that girls who started to develop before the age of 6 years were shorter than those who started after 6 years, and Schoevaart and colleagues 3 found good final heights in subjects with later pubertal onset. Kletter and Kelch 11 reported final adult height not significantly diVerent in patients with pubertal onset at greater than 6 years of age, both untreated patients and those treated with LHRH analogues. Moreover, in all these studies, age at pubertal onset was only one of the factors of height variability in samples of patients that were not homogeneous with regard to sex, diagnosis, type of agonist used, pattern of controls, etc. To our knowledge, our results are the first to be published that derive from the study of a homogeneous population of girls aVected exclusively by early puberty. Although a randomised study is the ideal method for assessing the auxological eVectiveness of treatment, it might appear ethically questionable. 27 However, our study was extensively discussed and approved by the ethics committee of the hospital, it did not concern children in the first years of life, and the parents were specifically informed before obtaining their consent. They were also made aware of the controversies concerning the treatment that were a cause of uncertainty for paediatricians and anxiety for the family.
In agreement with Kletter and Kelch, 11 we found that the LHRH analogue had little effect on final height in subjects with early puberty; in fact, the auxological follow up and final heights of our patients were similar in the treated and untreated groups. However, in girls examined by Kletter et al, the mean final height remained nearly 1 SD score below the mean target height, whereas we found that the final heights in 69% of patients were equal to or higher than target heights, and did not diVer from the current mean adult height observed in the EmiliaRomagna region of Italy. 28 Recent studies on large samples of the female population have shown in the past 20 years a trend towards earlier appearance of pubertal signs. This phenomenon does not appear to have a negative influence on adult height. [29] [30] [31] [32] Herman-Giddens et al, 29 in a sample of 15 439 white American girls found that more than 15% began puberty between 7 and 8 years of age. The same authors observed also that the mean heights of the study girls were higher than a national sample of race specific data, collected ∼ 20 years before. Therefore, they suggested that practitioners might need to revise their "historical" criteria for the diagnosis of precocious puberty.
Early puberty could be inserted in to this phenomenon of secular trend as a form with genetically fixed auxological features, and it could be defined as a "paraphysiological" condition. In agreement with this hypothesis, we observed in our patients that final height was significantly aVected only by height at pubertal onset and by target height, characteristics that are also described in normal puberty, 12 and that treatment did not appear to improve the initial height prognosis. We must point out, however, that these results need confirmation; the small number of patients with poor prognosis at onset, in fact, could blunt positive results.
However, all authors agreed that the age of menarche, in the past 20 years, has remained unchanged, at ∼ 12 years , although there are some slight ethnic diVerences. MartiHenneberg and Vizmanos, 30 in a sample of 163 girls from north east Spain, found a negative correlation between pubertal onset and its duration, so they concluded that the duration of puberty in girls depended on the timing of its onset. In our study, the untreated girls showed a regular and fairly quick progression of pubertal signs and onset of menarche at a mean age of 10.8 years. However, we assume that these diVerences in pubertal development between our girls and those examined by MartiHenneberg and Vizmanos might be determined by ethnic/genetic factors that did not aVect the final height. In fact, in our experience, early puberty is associated with a satisfactory height prognosis that is not significantly modified by treatment, except perhaps in some selected cases. In addition, the observation that height at menarche was achieved at diVerent times, but was similar in the two groups, indicates a predetermined auxological destiny in subjects with early puberty, which is unaVected by treatment. Finally, we have to point out that our study evaluated only the auxological results of LHRH analogue treatment. However, other factors might justify treatment and should be considered by paediatricians when deciding on treatment-for example, important emotional and cognitive diYculties that can sometimes aVect girls with precocious pubertal development. 
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